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DISCLAIMERDISCLAIMERDISCLAIMERDISCLAIMER

The contents of this report are not to be used for advertising, publication, or promotional purposes.  Citation of trade names
does not constitute an official endorsement or approval of the use of such commercial products.  All product names and
trademarks cited are the property of their respective owners.

The findings of this report are not to be construed as an official Department of the Army position unless so designated by
other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.  DO NOT RETURN IT TO THE ORIGINATOR.DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.  DO NOT RETURN IT TO THE ORIGINATOR.DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.  DO NOT RETURN IT TO THE ORIGINATOR.DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.  DO NOT RETURN IT TO THE ORIGINATOR.

Foreword 

This study was conducted for Fort Lewis located in Washington, under Military 
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lemetry Project.”  The technical monitor was James Lee, AFZH-DWS-RNB. 

This work was performed by the Environmental Processes (CN-E) Branch, Con-
struction Engineering Research Laboratory (CERL), the U.S. Army Engineer Re-
search and Development Center (ERDC).  Donald J. Schiller was project man-
ager for MSE Technology Applications (MSE-TA), Butte, MT, which provided 
engineering design services and construction and installation of equipment.  The 
CERL principal investigator was Jearldine I. Northrup.  Dr. Ilker R. Adiguzel is 
Branch Chief, CN-E, and Dr. John Bandy is Chief, Installations Division, CN.  
The associated Technical Director was L. Michael Golish, CEERD-CVT.  The 
ERDC technical editor was William J. Wolfe, Information Technology Labora-
tory.  The Acting Director of CERL is William D. Goran. 

CERL is an element of the U.S. Army Engineer Research and Development Cen-
ter (ERDC), U.S. Army Corps of Engineers.  The Director of ERDC is Dr. James 
R. Houston and the Commander is COL James S. Weller. 
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1 Introduction 

Background 

Fort Lewis Military Reservation is an 86,176 acre Army installation located in 
western Washington State.  Fort Lewis’ force structure includes I Corps Head-
quarters, which commands all Forces Command units at Fort Lewis.  I Corps 
Headquarters conducts planning and also acts as a liaison with other active and 
reserve component units in the continental United States and active duty units 
located around the Pacific Rim and in Hawaii.  Fort Lewis directly supports the 
Yakima Training Center, located in eastern Washington, and six Base Realign-
ment and Closure (BRAC) installations in Washington and California. 

Some of the military and nonmilitary organizations at Fort Lewis perform ser-
vices and functions that require the use of hazardous substances and that gener-
ate hazardous waste.  These services include the maintenance of over 4500 in-
stallation elements, including Fort Lewis’ buildings and infrastructure (roads 
and utilities), and operation and maintenance (O&M) of over 3000 vehicles and 
nearly 1500 pieces of equipment including aircraft, weapons systems, power gen-
erators, and communications equipment.  Fort Lewis also houses a major hospi-
tal, several medical and dental clinics, printing and graphics facilities, materials 
storage warehouses, and crafts shops. 

Fort Lewis Pollution Prevention Plan 

The Fort Lewis Pollution Prevention Plan provides a specific plan and imple-
mentation schedule for the reduction of hazardous substance use and hazardous 
waste generation through selected pollution prevention opportunities.  A formal-
ized 5-year pollution prevention plan was completed in September 1992, with 
1991 as the baseline year. 

Fort Lewis planners have worked with regulators to ensure that the new plan 
meets State requirements, and also with the requirements of the Department of 
Defense and Executive Order 12856.  The pollution prevention plan had baseline 
years of 1992, 1994, and 1996 and was submitted to Washington State Depart-
ment of Ecology in September 1997.  In September 1997, Fort Lewis received a 
Governor’s Award for Outstanding Achievement in Pollution Prevention at the 
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Washington State capitol.  In recognition of the installation’s steady improve-
ments in implementing pollution prevention measures, Governor Gary Locke 
presented Lt. Gen. George A. Crocker with the Consistent Excellence in Pollution 
Prevention Award.  A summary of Fort Lewis’ Pollution Prevention Plan has 
been published to the World Wide Web (WWW) at URL: 

http://128.174.5.51/denix/Public/News/Earthday97/Awards/lewis/fortlew.html#Pollu 

Overview of the Current Project 

The U.S. Army Engineer Research and Development Center (ERDC), Construc-
tion Engineering Research Laboratory (CERL) and contractor MSE Technology 
Applications (MSE-TA) were tasked with electronically consolidating fluid stor-
age tank information for underground storage tanks (USTs) and aboveground 
storage tanks (ASTs) at Fort Lewis.  Fort Lewis has approximately 62 regulated 
and over 2000 unregulated tanks in service.  A recent inspection of the regulated 
tanks resulted in the issuance of several notices of violation (NOVs).  The Fort 
Lewis environmental office and public works has expressed a commitment to ex-
pediting the task of bringing all tanks within compliance.  The installation of a 
centralized monitoring and alarming system for the fluid levels and leak detec-
tors is part of the three-part program for bringing the tanks into both regulatory 
and legal compliance: 

1. Proof of Concept Demonstration (POCD).  This first task is to demonstrate an in-
tegrated system of limited scope.  The demonstration included the functions of 
data communications, storage, alarming, and display.  One regulated tank was 
connected by telephone line to a dedicated computer.  This monitoring computer 
included installed monitoring software, which initiates a call several times a day 
to download and display the tank information.  The system was also set up to al-
low the compliance officer to initiate the call manually at any time. 

2. Connection of Regulated Tanks.  This task will assess methods of connecting the 
regulated tanks to the monitoring system computer, and will provide data con-
nection, storage, and display for as many of the remainder of the regulated tanks 
as funding allows. 

3. Connection of the Unregulated Tanks.  This task will demonstrate the existing 
system and solicit funding for connection of as many of the remaining unregu-
lated tanks to the monitoring system as possible. 

http://128.174.5.51/denix/Public/News/Earthday97/Awards/lewis/fortlew.html#Pollu
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Objectives 

The overall objective of this work was to test and demonstrate the feasibility of 
an integrated monitoring and alarm system for USTs and ASTs at Fort Lewis, 
WA, and to install the system on all regulated tanks and as many unregulated 
tanks as possible. 

The specific objective of this first part of the project was to conduct a proof-of-
concept demonstration designed to quickly provide a working “core” system on a 
limited number of tanks, which may be easily expanded to include more tanks. 

This small system was also intended to be used as a demonstration platform to 
obtain support for future expansion, as well as to provide an opportunity to work 
out problems early before expansion begins. 

Approach 

This first stage of the project involved the following steps: 

1. Regulated tanks that were not slated for decommissioning were connected to the 
monitoring system, as funding allowed. 

2. Unregulated tanks were considered a second priority.  (A common problem with 
the unregulated tanks is that they usually lacked functional tank gauges.) 

3. Several methods were studied for communicating the tank data to the central 
monitoring computer, based on the requirements for connection.  The most ap-
propriate method to connect each tank was chosen from this “shopping list” of 
methods. 

4. Each tank was assessed to determine the most practical method to connect it to 
the monitoring system computer.  Many tanks were unique in their type of gauge 
interface and the availability of a network connection near the tank; appropriate 
interfaces were designed to match individual tanks. 

5. Once a tank was connected to the monitoring computer, the addition of another 
tank to the system was simply a matter of copying a software module and com-
pleting another tank configuration. 

6. The monitoring system was installed to easily support expansion to include any 
or all of the approximately 2000 or so remaining tanks at Fort Lewis. 
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Mode of Technology Transfer 

This work extends existing programs at Watervliet Arsenal and Corpus Christi 
Army Depot.  Several concepts used here were proven in operation at those loca-
tions, and were refined for application at Fort Lewis.  This report will be made 
available on the CERL and the Fort Lewis web sites. 

The CERL web site address is:  http://www.cecer.army.mil/ 

The Fort Lewis web site address is:  http://www.lewis.army.mil/publicworks/Fuel.htm 

Units of Weight and Measure 

U.S. standard units of measure are used throughout this report.  A table of con-
version factors for Standard International (SI) units is provided below. 

 
SI conversion factors 

1 in. = 2.54 cm 
1 ft = 0.305 m 
1 yd = 0.9144 m 
1 sq in. = 6.452 cm2 
1 sq ft = 0.093 m2 
1 sq yd = 0.836 m2 
1 cu in. = 16.39 cm3 
1 cu ft = 0.028 m3 
1 cu yd = 0.764 m3 
1 gal = 3.78 L 
1 lb = 0.453 kg 
1 kip = 453 kg 
1 psi = 6.89 kPa 
°F = (°C x 1.8) + 32 

http://www.lewis.army.mil/publicworks/Fuel.htm
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2 Tank Monitoring System Description 
The Fort Lewis tank monitoring system has three subsystems:  (1) Tanks and 
Tank Gauges, (2) Communications, and (3) Monitoring and Reporting Station.  
The following sections describe the three subsystems. 

Tanks and Tank Gauges 

The tank gauges on regulated tanks have strict regulatory requirements for 
installation and maintenance, and were determined to be outside the scope of 
this project.  It was assumed that the gauges were, or soon would be, brought up 
to code to support effective monitoring and alarming. 

The gauges for most of the regulated tanks were quite sophisticated systems that 
were able to monitor many tank parameters important to regulators.  The ven-
dors for the tank gauges to be installed are Veeder Root TLS-350, Ronan 
X76LVCS, and Petrosonic III.  Appendix A gives vendor contact information and 
lists the available parameters for the Veeder Root TLS-350 gauge system. 

The three gauge vendors above supply communications options that can be de-
livered with the unit, or installed later.  These options are Standard RS-232 port, 
or telephone modem. 

Communications 

The communications link between tanks and the monitoring computer was de-
signed based on the type of tank gauge, and proximity of the tank gauge to nor-
mal communications channels.  A communications survey was conducted for 
each regulated tank to produce a working table (Figure 1 shows an example), to 
be used as the basis for the design. 
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Three communications methods were evaluated for each tank: 

1. Telephone Line Connection.  The telephone connection is made through a nearby 
phone line.  This method was selected for tanks with installed Veeder-Root and 
Ronan tank gauging systems that had modem options available. 

2. Network Connection.  The network connection is made through a nearby 
Ethernet local area network (LAN) fiber optic cable.  Interface electronics would 
be installed to connect the tank gauge to an addressable node on the fiber-optic 
LAN. 

3. Radio Connection.  The radio connection is made through a radio communica-
tions hub located near the monitoring computer, or at a central location within 
the facility to minimize transmission distances. 

Monitoring and Reporting Station 

The monitoring and reporting station is the “heart” of the system.  It consists of 
a personal computer with a tank status and alarming display.  This computer 
resides on the desk of the compliance officer in Public Works directorate. 

Tank levels and alarm status are displayed on several monitoring screens devel-
oped and installed on commercial off-the-shelf software (COTS). 
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3 Technical Implementation 
Several methods can be used to bring USTs or ASTs under compliance: 

• decommissioning the tank by removal or inerting in place 
• replacing or upgrading the tank and/or gauging system to allow support of 

current regulations 
• installing remote instrumentation to provide close monitoring of leaks, spills, 

overfills, or unauthorized dumping into a tank. 

ASTs were included in this project because of a number of ASTs on site that pose 
an environmental risk. 

The compliance method used at Fort Lewis for each tank was based on the 
evaluation of many factors, and was subject to Washington State Underground 
Storage Tank Regulations (Chapter 173-360 WAC).  A summary of relevant por-
tions of this regulation, taken from Washington State Publication # 94-32, 
Summary of Requirements for Underground Storage Tanks, is included as Ap-
pendix B to this report.  Many underground storage tanks were decommissioned, 
and this released some funding for a smaller number tanks that were more vital 
to the mission. 

Tanks used to store heating oil on the premises for consumptive use are excluded 
from Federal UST regulations.  However, State or Territorial regulatory agencies 
may regulate these tanks.  The State of Washington does not regulate these 
tanks according to the information from this U.S. Environmental Protection 
Agency (USEPA) website: 

http://www.epa.gov/swerust1/heatoil.htm 

“Heating oil” includes several grades of petroleum fuel oils: No. 1, No. 2, No. 4-
light, No. 4-heavy, No. 5-light, No.5-heavy, No.6, Navy Special Fuel Oil, and 
Bunker C, and No.2 diesel fuel and kerosene (when used for heating purposes 
only). 

The term “consumptive use” is not intended to apply to heating purposes only.  
The definition of consumptive use extends to any on-site use that may include 

http://www.epa.gov/swerust1/heatoil.htm


ERDC/CERL TR-01-27 13 

 

heating, or generation of emergency power, steam, process heat, or electricity.  
The exclusion does not apply to tanks storing heating oil for resale. 

The term “premises” is not limited to the building where the heating oil is stored; 
it includes any location on the property on which the building resides.  Thus, 
centralized heating units using heating oil that serve more than one building on 
the same property would qualify for exclusion. 

The urgency of the situation at Fort Lewis required that the evaluation and se-
lection of the compliance method to be used for each tank was to parallel the de-
sign of the remote monitoring system.  In this project, the more important tanks 
were considered in the first phase of the project, where “importance” was deter-
mined by size of the tank, risk of exposure, and importance to the mission.  A 
prioritized list helped schedule the design effort.  A number of tanks were re-
moved before effort was wasted on communications scoping or other design 
tasks. 

The following sections outline the technical implementation of the three subsys-
tems of the Fort Lewis tank monitoring system. 

Tank Gauges 

A good tank gauging system on a regulated tank can satisfy the release protec-
tion requirement of the regulations.  Gauges can monitor for leaks by using ap-
proved methods such as groundwater contamination monitoring (using vapor or 
water analysis), interstitial monitoring (double-wall tank integrity monitoring), 
or inventory control using precision level monitoring. 

Most approved tank gauging systems on the market today are supplied with 
connections to allow remote monitoring.  The connections are usually two 
classes:  analog/discrete, or serial/digital. 

Analog/Discrete 

An analog/discrete connection will provide a signal that can connect to interface 
“black boxes” that can in turn connect to Ethernet networks, modems, or radios.  
The analog is usually what is called 4-20 mA, or current between 4 and 20 milli-
amps to represent the tank level from zero to 100 percent full.  The “discrete” 
connection is an available relay contact that will close or open following an im-
portant tank alarm, indicating an event such as leak or overfill alarm. 
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Serial / Digital 

Serial/digital connections will provide an encoded stream of data over a pair of 
wires that can connect directly to modems or radios, or interface with Ethernet 
networks.  The data communicate encoded tank status such as tank level in 
inches, or whether a leak alarm has occurred.  Usually a remote system accesses 
a serial/digital gauge through an industry standard RS-232 port on the gauge, 
sends a request for the data, then waits for the response as a stream of data. 

Tank gauges vary in sophistication from simple tank level monitors to full fea-
tured systems designed for use in gas stations, which also include water level 
gauging and automatic leak testing sequencing.  For this project, the sophisti-
cated Veeder Root TLS-350 systems were the first tank gauges connected.  
(These were the systems already in use on large fuel oil USTs.) 

Communications 

The data communication link connects to either the serial/digital or ana-
log/discrete port on the tank gauge and electronically transmits the required 
tank status to the central monitoring and reporting station.  Three possible 
methods for obtaining data from the tank are: 

1. Scheduled Automatic Update.  In this case, a call is initiated from the monitoring 
and reporting station.  (For example, a daily report may be programmed to call-
up at 4:00 a.m.) 

2. Update on Demand.  An update command may originate from the monitoring 
and reporting station.  (For example, if a compliance officer requires an immedi-
ate report update, the system can generate current information on demand.) 

3. Update Initiated from the Tank Gauge.  (For example, an immediate data trans-
mission would occur when the tank overfill alarm is activated.) 

The following sections describe several data communications methods that were 
investigated for each tank installations. 

Telephone Line with Dial-Up Modem 

This method uses existing Fort Lewis dial-up telephone system lines and a mo-
dem at both the tank gauge and the monitoring and reporting stations to com-
municate tank data.  The monitoring computer periodically dials each tank in 
rotation and downloads the current data.  If the tank goes into alarm, a feature 
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allows the tank gauge to automatically initiate an immediate call.  At Fort 
Lewis, telephone line connections are less costly for many tank connections.  
Most tanks have a phone line nearby, and modem costs are minimal. 

Network Connection 

This method uses the existing Fort Lewis Ethernet network to connect the tank 
to the monitoring and reporting station.  For this link, an interface device is con-
nected between an Ethernet Hub port located near the tank and the tank gauge 
connection.  This will allow direct electronic access to the tank data from any 
other port on the network, as long as the correct communications protocol is ob-
served. 

Radio Modem 

This approach uses techniques similar to the telephone dial-up modem described 
above.  The radio modem was considered primarily for the remote tank locations 
without phone line or network connections within practical wiring distance.  For 
example, this method was practical for use with tank 3205, which is an under-
ground aviation fuel tank located on an airfield quite removed from network or 
phone lines. 

For radio modem communication the tank-monitoring computer is connected by 
a serial connection to a nearby radio master base station.  Through this base sta-
tion, the computer broadcasts a “request for data” signal that includes a unique 
tank address.  All tanks with a remote terminal unit (RTU) radio receive the re-
quest simultaneously, but only the RTU with the matching address will answer 
with the tank data stream.  All tanks are “polled” sequentially in this manner 
every minute, hour, or day as required.  A master base station can serve from 20 
to 50 RTUs, depending on polling speed and message size.  The transmission 
rate selected for Fort Lewis is 1200 bits per second (bps), which is considered 
relatively slow in the modern computer communications world.  However, the 
speed requirements for this project were low; 1200 bps radio modems are ade-
quate and significantly less expensive than faster communication devices. 

The base station would use an omni-directional antenna to transmit and receive 
in all directions.  The RTUs would use a yagi style antenna, which provides best 
communications signal strength when the yagi is pointing at the base station. 

Two basic methods of radio communications were evaluated for Fort Lewis: 
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1. Frequency Modulated (FM).  In this application, FM radio communication oper-
ates in the nominal 150 Megahertz fixed frequency range.  FM power levels 
would be 5 W for the RTUs and 25 W for the base station.  The required FCC li-
cense can be obtained with the support of the radio vendor.  The Directorate of 
Information Management (DOIM) is responsible for the coordination of radio fre-
quency assignments, and would approve the request for frequency assignment. 

2. Spread-Spectrum (SS) – SS radio communication rapidly changes frequencies in 
a preprogrammed sequence.  Spread-spectrum requires no FCC licensing at low 
power levels, and is ideal for distances of less than approximately 2000 ft.  This 
application was not well suited for use at a large installation such as Fort Lewis, 
where costly repeaters would likely be required to boost the effective distance of 
SS radio transmitters. 

Monitoring and Reporting Station 

The monitoring station consists of a personal computer and MicrosoftTM Windows 
NT 4.0 operating system.  CiTectTM brand Human Machine Interface (HMI) com-
mercial off-the-shelf (COTS) software was installed to support graphical-based 
monitoring, alarming, trending, communications, and alarming/trending 
database.  The monitoring station computer is located in offices of the public 
works directorate. 

A tank monitoring software application was developed for the monitoring com-
puter on the CiTect development platform.  HMI software systems are typically 
very powerful tools for displaying information, or controlling a process.  Numer-
ous “screens” can be called up for viewing.  Each screen can provide graphical 
display of various processes, functions, or areas of a facility. 

The tank monitoring application has a “main” screen, which automatically loads 
and displays when the computer is turned on.  This screen is a top-view bit-
mapped graphical map of the Fort Lewis site with all tanks represented at the 
respective locations on the map showing the tank level, and any alarms.  Any 
individual tank icon can be “double-clicked” to invoke a more detailed display 
screen of the tank, which shows the vessel and status, various details of the 
tank, and the tank location.  Also, alarm and level histories are stored and avail-
able for display and printing.  This allows more careful diagnostics to determine 
if the tank has, or is developing a serious problem. 
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4 Summary 
This work has tested and successfully demonstrated the feasibility of an inte-
grated monitoring and alarm system for USTs and ASTs at Fort Lewis, WA.  
One regulated tank was connected through a telephone connection to a dedicated 
computer.  This monitoring computer included installed monitoring software, 
which initiates a call several times a day to download and display the tank in-
formation.  The system was also set up to allow the compliance officer to initiate 
the call manually at any time. 

This working “core” system, installed on a limited number of tanks, may be eas-
ily expanded to include more tanks.  Once the needed support for future expan-
sion is gained, both regulated and unregulated tanks may be linked to the moni-
toring system computer, to provide continuous data connection, storage, display, 
and alarms. 
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Appendix A: Available Tank Parameters 

Information about the Veeder Root TLS-350 is available through URL: 

http://www.veeder-root.com/products/tls-350r_tech.shtml 

Information about the Ronan X76LVCS is available through URL: 

http://www.ronan.com/x76lvcs.htm 

Information about the Petrosonic III is available (by clicking “ATG & Leak Pro-
tection”) through URL: 

http://www.epa.gov/region07/programs/artd/ustbx/index2.htm 

This appendix includes excerpts from Veeder Root TLS350 Gauge Operating 
Manual.  Note that the TLS350 is an example of typical high-end tank gauging 
system – all parameters are accessible from dial-up modem and special access 
software. 

http://www.veeder-root.com/products/tls-350r_tech.shtml
http://www.ronan.com/x76lvcs.htm
http://www.epa.gov/region07/programs/artd/ustbx/index2.htm
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Appendix B:  State of Washington 
Summary of Requirements for USTs, 
Publication No. 94-32 
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